Currently, the green route for synthesis of silver nanoparticles (Ag NPs) using plants leaf extract is an emerging research area in nanotechnology. The present study was explored for synthesis, characterization and catalytic application of Ag NPs using Diospyros lotus fresh leaf extracts. Factors affecting the synthesis were optimized and optimum conditions were pH of 8.6, silver nitrate (AgNO 3 ) concentration of 1.5 mM and 10 mL leaf extract. Formation of Ag NPs was observed by change in color of reaction mixture from pale yellow to reddish brown. The synthesized Ag NPs were characterized using UV-Vis spectrophotometer, EDX, XRD and SEM analyses. UV-Vis spectrophotometer showed maximum absorbance peak in the range of 407 nm at different time intervals indicating formation of Ag NPs. SEM and XRD analysis confirmed face centered cubic structure and crystalline nature of biologically synthesized Ag NPs with average particle size of 27 nm. The purity of synthesized Ag NPs was revealed by EDX. Finally, photo catalytic activity (PCA) of Ag NPs was studied and 72.91% decolorization of industrial waste water was obtained at 54 h. Some important parameters like pH, turbidity, conductance; TSS, TDS, sulphide, sulphates, etc. were also monitored before and after treatment with Ag NPs. Abstract: Let F denote a eld and let V denote a vector space over F with nite positiv a pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigenbasis irreducible tridiagonal fashion. Such a pair is called a Leonard pair. We consider the there exists an automorphism of the endomorphism algebra of V that swaps A and A * . is unique, and called the duality A ↔ A * . In the present paper we give a comprehen duality. In particular, we display an invertible F-linear map T on V such that the map X A ↔ A * . We express T as a polynomial in A and A * . We describe how T acts on a and 24 bases for V.
Introduction
Let F denote a eld and let V denote a vector space over F with nite positive dim pair A, A * of diagonalizable F-linear maps on V, each of which acts on an eigenbasis irreducible tridiagonal fashion. Such a pair is called a Leonard pair (see [13, De nition A, A * is said to be self-dual whenever there exists an automorphism of the endomorp swaps A and A * . In this case such an automorphism is unique, and called the duality The literature contains many examples of self-dual Leonard pairs. For instance (i) t ated with an irreducible module for the Terwilliger algebra of the hypercube (see [4, Co Leonard pair of Krawtchouk type (see [10, De nition 6.1]); (iii) the Leonard pair associa module for the Terwilliger algebra of a distance-regular graph that has a spin model in bra (see [1, Theorem] , [3, Theorems 4.1, 5.5]); (iv) an appropriately normalized totally (see [11, Lemma 14.8] ); (v) the Leonard pair consisting of any two of a modular Leona De nition 1.4]); (vi) the Leonard pair consisting of a pair of opposite generators for bra, acting on an evaluation module (see [5, Proposition 9.2] ). The example (i) is a spe examples (iii), (iv) are special cases of (v).
Let A, A * denote a Leonard pair on V. We can determine whether A, A * is self-du By [13, Lemma 1.3] each eigenspace of A, A * has dimension one. Let {θ i } d i= denote an values of A. For ≤ i ≤ d let v i denote a θ i -eigenvector for A. The ordering {θ i } d i= whenever A * acts on the basis {v i } d i= in an irreducible tridiagonal fashion. If the orde then the ordering {θ d−i } d i= is also standard, and no further ordering is standard. Sim A * . Let {θ i } d i= denote a standard ordering of the eigenvalues of A. Then A, A * is self-d is a standard ordering of the eigenvalues of A * (see [7, Proposition 8.7] ).
Industrial sector has a great importance for economic development of country and for fulfilling the demands of increasing population resulting in the contamination of the aquatic systems [1] [2] [3] . The textile industries produce huge volume of waste water which shows resistance to decolorization by conventional methods [4] [5] [6] . For the purification of industrial waste water different methods have been adopted. These methods are time consuming and require specific conditions [7] [8] [9] . In order to solve such problems researcher have been moving in the direction of nanotechnologies as these techniques are rapid, ecofriendly and cost effective [10] [11] [12] [13] [14] [15] [16] .
Nanotechnology is one of the most energetic research areas that encompass a number of disciplines. It deals with nano-sized materials (1-100 nm) exhibiting quite unique and improved properties, different from bulk material due to high surface area to volume ratio [17] [18] [19] [20] [21] . In the recent year's numerous metal NPs specifically Ag NPs have attracted in diverse field of nanoscience and technology [22] [23] [24] . Recently, the synthesis of Ag NPs is a vast area of research due to its unique applications like catalysis [25, 26] , antibacterial activities [27] , bioremediation [28] , sensors [29] , electrical conductivity and purification of water [30] . Several physical and chemical protocols are in practice for the synthesis of Ag NPs but these approaches are potentially toxic to the environment, utilize a lot of energy, expensive and result in low yields [31] . To switch over these technical problems, biological methods have been employed using microorganisms and green plant extracts that are eco-friendly and cost effective alternatives to chemical and physical methods [32] . The main problem of using microorganism to synthesize Ag NPs is that it is a very time consuming process in comparison with plant extracts and special culture preparation and isolation techniques are required [33] .
In recent years, the biosynthesis of NPs using plant extracts as reducing and capping agents has gained more interest. Researchers have been synthesizing Ag NPs using plant leaf extracts such as Aneva sativa [34] , Actaea racemose [30] , Tecomella undulate [35] , Diospyros lotus [36] , Diopyros kaki [22] , Azadirachta indica [37] Diospyros malabarica [17] , Chrysophyllum oliviforme [38] , Datura stramonium [39] , Euphorbia hirta [40] , Corchorus olitorus, Ipomea batatas [41] and Nicotiana tobaccum [42] . The main advantages of using plant extracts for NPs synthesis are that it does not require high energy, toxic chemicals and the most importantly, the process is cheap, easily available, scaling-up, non-toxic, simple and safe.
The main objective of present work was the ecofriendly, rapid, reliable and inexpensive synthesis of Ag NPs using leaf extract of Diospyros lotus belonging to district Bagh and assessing its potential for efficient decolorization of industrial waste water. To best of our knowledge this is for the first time high altitude plant of Diospyros lotus of district Bagh Azad Kashmir area is being utilized for the biological synthesis of Ag NPs.
Materials and methods
All the chemicals (purity > 98%) used in this work were procured from Sigma-Aldrich Chemical Co., USA. Fresh leaves of plant Diospyros lotus ( Figure 1 ) were collected from Rera Bagh Azad Kashmir fields. The waste water sample was procured from Environment Protection agency (EPA), Lahore.
Fresh leaves of Diospyros lotus were thoroughly washed 2-3 times with tap water followed by double distilled water to remove dust and other impurities. Leaves were weighed about 10 g. The weighed leaves were cut into small pieces and boiled in glass beaker containing 100 mL distilled water for 15 min on hot plates. Aqueous extract was separated by filtration and stored in refrigerator at 4°C. This filtrate was used for synthesis of Ag NPs [43] .
The source of Ag was AgNO 3 in distilled water. 90 mL of 1 mM AgNO 3 solution was added in 10 mL leaf extract and was kept at room temperature for the reduction of Ag ion to Ag NPs. The NPs formation was visually identified by color change and followed by the UV-Vis spectral analysis. In order to synthesize maximum amount of Ag NPs different parameters were optimized.
Optimization of different parameters for synthesis of Ag NPs
The pH of leaf extract was varied (4.6-9.6) to study the effect on synthesis of Ag NPs. To each 10 mL of leaf extract having different pH, 90 mL of 1 mM AgNO 3 solution was added. The pH of extract was adjusted by using 0.1 N NaOH/HCl. The concentration of AgNO 3 solution was also varied from 0.1 to 2 mM [24] . The concentration of leaf extract was also varied in the range of 5-20% by volume. Formation of Ag NPs was observed by UV-Vis spectrophotometer at different wavelength in the range of 300-700 nm [43] .
Characterization of Ag NPs
Formation of Ag NPs was observed by UV-Vis spectrophotometer (Helios Omega, 100-240, VAC) at different wavelength (300-700 nm). Synthesized NPs were purified by repeated centrifugation at 10,000 rpm for 20 min. UV-Vis spectra were recorded by Helios Omega UV-spectrophotometer with respect to time. NPs were dried in oven at 45°C-50°C. For the confirmation of crystalline size and structure of the biologically synthesized Ag NPs XRD analysis was carried out (Bruker: D8 X-ray diffractometer equipped with a Cu anode). X-rays were passed through a material and the thus light diffracted at different angle. When X-ray passing through a crystal it produces a diffraction pattern, that diffraction gives the information about the atomic arrangement within the crystals. In Ag NPs, XRD gives phase structure and purity of the particle [44] . The average particle size of biological synthesized Ag NPs was calculated using Debye-Scherrer equation (Eq. 1).
sunlight and monitored from morning to evening sunset. After every one hour aliquots of 2-3 mL suspension were collected, filtered and used to evaluate the photo catalytic degradation. The concentration of dye during degradation was calculated by absorbance value measured using UV-Vis spectrophotometer at wave length 589 nm using formula as follows (Eq. 2):
where At is the absorbance of the untreated and A 0 is absorbance of the treated effluent.
The physicochemical parameters such as colour, pH, Chemical Oxygen Demand (COD), Total Dissolved Solids (TDS), Total Suspended Solids (TSS), turbidity, sulphides, sulphates and chlorides were estimated according to the methods prescribed in American Public Health Association (APHA) [45] .
Results and discussion
Addition of plant extract of Diospyros lotus to the aqueous solution of AgNO 3 led to the change in the colour of the solution from pale yellow to reddish brown indicating the reduction of Ag ion into Ag NPs due to excitation of surface Plasmon vibrations in Ag NPs [46] [47] [48] [49] [50] . The progress of Ag NPs formation was monitored spectrophotometrically in the range of 300-700 nm. A characteristic and well-defined absorption peak for Ag NPs was observed around 407 nm ( Figure 2 ). It was observed that these NPs were more stable even for 3 weeks after their synthesis. The result obtained was similar to previous literature suggesting that the reduction of Ag
where D is the crystallite size of biological synthesized Ag NPs, λ is the wavelength of x-ray source (0.1541 nm) used in XRD, β is the full width at half maximum of the diffraction peak, K is the Scherer constant with value ranging from 0.9 to 1 and θ is the Bragg angle. Elemental nature of the biologically synthesized Ag NPs was checked by EDX analysis (JSM-7610F). The sample X-ray energy values from the EDX spectrum were compared with known characteristic x-ray energy values to determine the presence of an element in the sample. EDX helped to verify the presence of Ag in the sample and its percentage as well. Size and shape of the biologically synthesized Ag NPs was detected using SEM analysis (JSM-5910, JEOL). It measures the electrons scattered from the sample because electrons can be accelerated by an electric potential, the wavelength can be made shorter than the one of photons. This makes the SEM capable of magnifying images up to 20,000 times. At the same time, it is possible to achieve high resolution pictures of the surface, making the instrument very useful in determining the size distribution of NPs.
Using Ag NPs as a catalyst, degradation of dyes present in industrial waste water was analyzed under sunlight. Sample of waste water was collected. Industrial waste water was 2 times diluted by double distilled water and it was scanned in the range of 350-700 nm. λ max was found out to be 589 nm. About 10 mg of biosynthesized Ag NPs were added to 100 mL of diluted industrial waste water. Before exposing to irradiation the suspension was well mixed by being magnetically stirred for 30 min to maintain equilibrium of working solution. After stirring first reading was noted then dispersion was put under ion to Ag NPs was higher using the Diospyros lotus plant leaf extract. Abbasi et al. [51] synthesized Ag NPs from Allium sativum. UV-Vis spectra of dark brown colored mixture of Allium sativum extract band AgNO 3 showed optimum absorbance at 400-410 nm.
The effect of pH of extract on the synthesis of Ag NPs was investigated by changing the pH of leaf extract (4.6-9.6) and was characterized by colour change of reaction mixture and UV-Vis spectrophotometer (Figure 3) . It was observed that the colour of reaction mixture and the intensity of the absorption peaks were pH dependent. When the experiment was conducted at pH 4.6 neither color change nor clear absorption peak was observed. However, at pH 5.6 a minor absorption peak started appearing with slight change in colour after half an hour. At pH 6.6-7.6 varying shades of yellow, brown as well as reddish brown colour were observed after 10 min, 30 min and 1 h, respectively. At high pH 8.6, dark brown colour was appeared at once with an intense absorption peak at about 407 nm. The result revealed that the acidic pH suppressed the synthesis of Ag NPs due to inactive biomolecules of leaf extract. While basic pH was more efficient in synthesis of stabilized Ag NPs due to availability of functional groups of leaf extract.
Similar results were observed by previous literature. Amin et al. [52] synthesized Ag NPs using S. xanthocarpum berry extract (10 mL) in 1 mM AgNO 3 in the pH ranging from 4-9 and it was investigated that acidic conditions suppressed while at higher pH (9.0) enhanced the synthesis of highly dispersed Ag NPs. Rashidipour and Heydari [53] prepared Ag NPs by using (40 g/L) oak fruit hull extract with pH in the range of 2-11 and 1 mM Ag nitrate solution. It was observed that rate of Ag NPs synthesis increased towards basic pH due to the ionization of phenolic and tannins compounds. Zia et al. [54] reported green synthesis of Ag NPs using Cydonia oblonga seeds extract at varying pH, ranging from 3 to 11. It was observed that at basic pH highly stabilized and monodispersed NPs were synthesized. Vanaja et al. [43] investigated synthesis of stabilized Ag NPs by using (10 mL) Morinda tinctoria leaf extract in 1 mM Ag nitrate solution (90 mL) with pH ranging from 4.6-8.6. It was concluded that pH 8.6 was found to be efficient in synthesis of Ag NPs due to availability of active functional groups. Bankar et al. [25] also reported that basic pH enhanced the synthesis of Ag NPs.
The concentration of AgNO 3 solution also plays an important role in biological synthesis of Ag NPs which was characterized by colour change and UV-Vis spectrophotometer. At a concentration of 0.5 mM, there was no clear peak at 407 nm (Figure 4a ) while at a concentration of 1.0 mM, the brown colour was appeared after 15 min of incubation, although a less intense peak was observed at 407 nm (Figure 4b ). Moreover, it was reported that at 1.5 mM concentration the intensity of absorption peaks increased at 407 nm with dark brown colour (Figure 4c ). Above 1.5 mM AgNO 3 concentration rapid conversion was observed but peak was broad ( Figure 4d ) which might be due to aggregation of Ag NPs. So it was concluded that 1.5 mM AgNO 3 concentration was suitable for synthesis of NPs. These results were similar to those reported in previous literature. Song and Kim [24] studied the effect of various concentrations of AgNO 3 (varied at 0.1-2 mM) with 10 mL of leaf extract and concluded that at higher concentrations (2 mM) stabilized Ag NPs were synthesized. Bankar et al. [25] observed the effect of varying Ag nitrate concentrations (0.125, 0.25, 0.5, 1.0, 1.25, 1.50, 1.75 and 2.0 mM) with 10 mL Banana peel extract and found that optimum concentration for stabilized Ag NPs was higher than 1.0 mM. Pimprikar et al. [55] also synthesized Ag NPs using varying the concentration of Ag nitrate (0.125, 0.25, 0.5, 1.0, 1.25, 1.50, 1.75 or 2.0 mM). Best results were obtained at a concentration of 2 mM. Figure 5 indicates the effect of leaf extract on the biosynthesis of Ag NPs. Ag NPs were synthesized using different concentrations of leaf extract ranging from 5-20% with 1.5 mM of AgNO 3 solution. This effect was analyzed by UV spectrophotometer at regular time intervals (0, 30, 60, 90 and 120 min) and the colour of the solution was also observed at varying extract concentrations. With 5% leaf extract using 1.5 mM solution, more time was required for conversion of Ag + to Ag 0 and no clear peak was observed at 407 nm (Figure 5a ). With the 10% leaf extract concentration, reduction occurred quickly due to the more availability of functional groups in the leaf extract. It was also observed from Figure 5b that the intensity of absorption peaks increased but peaks were somewhat broad. With increase in the concentration of the leaf extract up to 15% and 20%, using 1.5 mM AgNO 3 solution broad peak was observed at 407 nm which might be due to aggregation of the Ag particles due to the involvement of many more reducing agents [52, 54] . These results were in close agreement to Amin et al. [52] where 10 mL of leaf extract concentration of Solanum xanthocarpum as was considered as optimum in the presence of 1 mM Ag nitrate solution for synthesis of stabilized Ag NPs.
The crystalline shape and size of biosynthesized Ag NPs was analyzed using X-ray diffraction pattern. XRD pattern ( Figure 6 ) showed clear, intense and distinguishable Bragg reflections with values 77.35°, 64.45°, 44.3° and 38.15° at 2θ that indexed to the 311, 220, 200 and 111 planes of a faced center cubic lattice of Ag. So, it was confirmed that biosynthesized Ag NPs have high degree of crystallinity and average particle size was 27 nm ( Figure 6 ) calculated using Debye-Scherer equation. These XRD results were consistent with previous details. Bankar et al. [25] studied crystalline nature of Ag NPs using Musa paradisiacal peel extract and 1mM AgNO 3 solution. In the XRD pattern the diffraction peaks at (111), (200), (220) and (311) planes of a faced center cubic were obtained. Vanaja et al. [43] confirmed crystalline nature of dried Ag NPs by XRD analysis. The four distinct diffraction peaks of the 2θ values assigned to the planes were 111, 200, 220 and 311, respectively, which indicated the Ag NPs were face centered cubic and crystalline in nature. Figure 7 shows the EDX spectrum recorded from the biologically synthesized Ag NPs showing the elemental composition, purity and stoichiometry. A distinctive signal and high atomic percent values for Ag around 3.40 keV was obtained; giving information relating to purity of biosynthesized Ag NPs. From Figure 7 it was confirmed that Ag NPs synthesized using 10% Diospyros lotus leaf extract in 1.5 mM Ag nitrate solution at pH 8. A few weak signals of Cl, C, O, N, Mg, and Na were also originated due to the presence of biomolecules that are bound to the surface of the Ag NPs. SEM spectrum recorded from the Ag NPs is shown in Figure 8 . The SEM micrograph of biosynthesized Ag NPs showed relatively face centered cubic shaped, well distributed without aggregation and an average size of about 27 nm with 10% of Diospyros lotus leaf extract in 1.5 mM Ag nitrate concentration. Ag NPs with solar light were proven very effective for decolorization of industrial waste water. PCA of biosynthesized Ag NPs was investigated by decolorization of industrial waste water under solar light after different time intervals. Degradation rate was initially identified by colour change. With the passage of time decolorization was increased and it was observed that colour of treated industrial waste water was changed from deep blue to light blue colour after 52 h of exposure time. The rate of decolorization of treated industrial waste water was also observed with spectrophotometer up to 54 h. It was observed that the absorbance of the treated waste water decreased rapidly with time. After 54 h of exposure time absorbance value became constant that indicated the completion of the photo catalytic degradation. The percentage of degradation efficiency of Ag NPs was calculated as 72.91% at 54 h (Table 1) . Subsequently, physico-chemical assessment of treated waste water was also done before and after treatment with Ag NPs ( Table 2) . Results of each parameter were measured and compared with WHO (World Health Organization) recommended standard values, a significant variation was observed for all parameters. It was found that 10 mg biosynthesized Ag NPs significantly affected/reduced water quality parameters. Colour, pH and turbidity are mainly important physical parameters to determine water quality. Before treatment colour was 1.06 TCU whereas decreased up to 0.143 TCU after treatment. Levels of colour Total Suspended Solids (TSS) (mg/L) 150 70 below 15 TCU are acceptable for drinking according to WHO (WHO 2015) . This was caused by organic pollutants. Due to high surface area of biosynthesized Ag NPs, higher rate of adsorption for organic pollutants and reduction in colour of treated industrial waste water was observed. The pH of industrial waste water was noted in the absence and presence of biologically synthesized Ag NPs. It was found that pH before treatment was 9.60 whereas it decreased up to 7.35 after treatment and it was within the limit of WHO standards. According to WHO standard pH of drinking water lies in the range of 6.5 to 8.5. This decrease in pH might be due to removal of anionic species from industrial waste water with Ag NPs. Turbidity is one of the most important operational water quality parameters. The turbidity of industrial waste water was examined before and after treatment of biologically synthesized Ag NPs. Turbidity before treatment was 44.3 NTU and after treatment it was reported to be 4.75 NTU. According to WHO standards turbidity value below 5 NTU is suitable for drinking. This value was closer to the turbidity of drinking water that is nearly equal to 5. Turbidity of treated waste water was reduced due to removal of suspended material by good adsorption capacities of Ag NPs. It is proven that Ag NPs have an inhibitory effect towards many bacterial strains and microorganisms generally present in industrial waste water [56] . The present research reveals that the biologically synthesized Ag NPs using 10 mL leaf extract of Diospyros lotus also showed antibacterial activity. BOD was found to be in permissible limit (WHO 2006 ). This might be due attachment of Ag (Ag + ) ions released from biosynthesized Ag NPs which become attached to the negatively charged bacterial cell wall, rupturing it and consequently leading to disturbance of its function like bacterial respiration, outer membrane destabilization and depletion of intracellular ATP. Actually Ag has a greater affinity to react with sulphur or phosphorus-containing biomolecules of the cell like DNA and RNA and affects them badly; finally cause cell death [57] . Chlorides of industrial waste water were calculated before and after treatment with Ag NPs. Before treatment concentration of chlorides was 8,100 mg/L whereas it decreased up to 315 mg/L after treatment. Ag NPs would have adsorbed chloride ions from industrial waste water due to high surface area. The reduction in chloride ions were determined by titrimetric method. At levels above 250 mg/L Clwater begins to taste salty and becomes increasingly objectionable as the concentration rises further. The present experimental data showed slight higher value. This might be due to the presence of chloride containing compounds. It was monitored that value of sulphide before treatment was 6 mg/L and after treatment it decreased to 1.6 mg/L. It might be due to the reason that sulphide anion might have consumed with Ag NPs and would have formed Ag sulphide by oxidation reduction process. Industrial wastewater was evaluated for sulphates concentration before and after treatment with Ag NPs. Before treatment value of sulphates ions was 165 mg/L whereas it decreased up to 13.35 mg/L after treatment. Preferable sulphates concentration of drinking water according to WHO is 250 mg/L [58] . The reason for decrease in sulphates ion concentration might be the high adsorption capacities of Ag NPs. The TDS of industrial wastewater was also observed before and after treatment with Ag NPs. Before treatment TDS was 1,200 mg/L whereas it decreased up to 880 mg/L after treatment. It was found that reduction in size of Ag NPs increases efficiency to reduce TDS from industrial waste water and that was due to increased surface area. According to WHO (2015) TDS value of 1,000 mg/L is satisfactory for life. The TSS of industrial waste water was examined before and after treatment with biologically synthesized Ag NPs. TSS value before treatment was 150 mg/L and while it decreased up to 70 mg/L after treatment. This decrease might be due to adsorption capacities of biosynthesized Ag NPs. The acceptable range of TSS for drinking water specified by WHO was 250 mg/L. After treatment with Ag NPs, all the parameters showed improvement in water quality parameters. The present study concludes that Ag NPs were effective to improve the wastewater quality.
Conclusions
The biological method for synthesis of Ag NPs using plants is very simple, fast and eco-friendly due to involvement of active molecules present in plants without using harmful chemicals. Crystalline nature with the size 27 nm was characterized by XRD; presence of elemental Ag was analyzed by EDX spectrum and face centered cubic structure of the NPs was assessed by SEM. The percentage of degradation efficiency of Ag NPs was calculated to be 72.91% at 54 h. A significant variation in water quality parameters of treated waste water was observed which proves that biological Ag NPs play an important role in remediation and therefore waste water can be easily reused.
